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[There are no amendments ta this patent J 

Abstract (amended) 
Objective 

To mq>iove the compressicni rupture [resistance] of the steel cords in the carcass layer of 
a nuiidl tire for heavy loads. 

Constitutioii 

In a tire having a carcass layer made up of steel cords arranged in the radial direction 
across a pair of bead cores in toroidal fonn, at least two belt layers made of steel cords that 
cross each other, and treads, one or two buried layers con^rising steel cords that are arranged 
parallel to the steel cords of the carcass layer around the equatorial plane of the tire with a width 
greater than 40% of the widdi of the aforemendoncd treads and less than the maximum widtti of 
the aforementioned belt layer are arranged in the aforementioned carcass layer. The steel cords in 
the aforementioned buried layer are completely buried between the steel cords of the carcass 
layer or buried with partial overlapping portions^ 

Effect 

Tbe nature resistance of tfie steel cords in the carcass layer can be significantly 
improved, as can the durability of the tire itself 




Claims 

1. A radial tire fox heavy loads characterized in that the tire has a carcass layer made up 
of steel cords arranged in the radial direction across a pair of bead cores in toroidal form; in this 
tire, with at least two belt layers made up of steel cords that cross each other and treads, one or 
two buried layers comprising steel cords that are airanged parallel to the steel cords of the 
carcass layw around 4e equatorial plane of ttie tire with a width greater than 40% of the width of 
the aforementioned treads and less than the ma^dmum width of the aforementioned belt layer are 
arranged in the aforementioned carcass layer; wherein the steel cords in the aforementioned 
buried layer are completely buried between the steel cords of the carcass layer or buried with 
partial overlapping portions. 
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2. The radial tire for heavy loads of Claim 1, characterized by the fact that the diameter of 
the ^eel cords of ttic buried layer in the aforementioned carcass layer is less than or 
approximately equaJ to the diameter of the steel cords of the carcass layer. 

Detailed explanation 9f t^lo invention 
[0001] 

Industrial application field 

The present invention pertains to the improved durability of the carcass layer of a radial 
tire for heavy loads. In particular, ttie present irrvention pertains to improved compression 
ruptm^ resistance of &e steel cords in the carcass layer, 

[0002] 
Prior art 

The carcass layer of a radial tire fer heavy loads rqieatedly receives local flexural fetigue 
due to the transverse deformation caused by large force input during the movement of the tire. 
As the transverse deformation is rvpeated, the steel cords used as the carcass layer that extends 
along the tread part of the tire might undergo compression rupture. In order to prevent this, the 
rupture strength of the steel cords themselves is increased, or the number of tibe steel cords per 
unit width is increased. 

[0003] 

Problems to be solved by the invention 

In the aforementioned prior art, when the cord diameter or the number of cords is 
increased in order to increase the strength of the steel cords that form the carcass layer» the space 
between adjacent cords diss^pears when the left and right bead parts are wound* Therefore, the 
required reinforcement of the carcass layer of (he tread part is naturally limited. Also, if the space 
between cords is not sufficient, separation will occur as a result of rupture of the cords in the 
bead parts caused by flattening. 

[0004] 

On the other hand, due to the afotemcgationed measures taken, the rigidity of the tire 
sidewalls or even the bead part is increased more than necessary, iq>setting the balanced 
performance of the tire. Also, excess material results in increased manufacturing costs. Thus fer, 
there has been no method that can solve the problem of the compression rupture of the steel 
cords used for the carcass layer. 
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[0005] 

Means to solve the problems 

In order to solve the aforementioned problem, the present inventors have performed 
extensive research. As a result of this research, it was found that the problem can be solved in the 
following way. That is, the present mvcntion provides a radial tiro for heavy loads characterized 
by the following facts: the tire has a carcass layer made Up of steel cords arranged in the radial 
direction across a pair of bead cores in toroidal form; in this tire, with at least two belt layers 
made Mp of steel cords that cross each other and treads, one or two bwied layers comprising steel 
coida that are arranged parallel to the steel cords of the carcass layer around the equatorial plane 
of the tire witti a width greater than 40% of the width of the aforemeutianed treads and less than 
the maximum width of the aforementioned belt layer are arranged in the aforementioned carcass 
layen wherein the steel cords in the aforementioned buried layer arc completely buried between 
the steel cords of flie carcass layer or buried with partial overlying portians. In particular, the 
radial tire for heavy loads is characterized by the fact that the diameter of the steel cords of the 
buried layer in the aforementioned carcass layer is less than or approximately equal to the 
diameter of ttie steel cords of the carcass layer. 

[0006] 
Operation 

The present inventors observed the areas on the carcass layer comprising steel cords 
where con^ression rupture occurred and, on the basis of this knowledge, arrived at a type of 
balanced tire in which only those parts of the carcass layer where the most strength is required 
are reinforced, without a£fecttng the rest of the carcass layer. 

[0007] 

More specifically, those parts of the carcass layer where the most strength is required are 
reinforced by extending a buried layer comprising steel cords parallel to the steel cords of the 
aforemrationed carcass layer at a specific location on the carcass layer comprising the steel cords 
that extend in the tread region of the tire. 

[0008] 

The buried layer conq)rising the steel cords can also be completely buried or buried with 
partial overlapping between the steel cords of the carcass layer. In this case, the improvement in 
weight reduction and heat resistance can be realized by suppressing the increase in the gauge of 
the carcass layer. 
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[0009] 

Also, according to the present invention, as described above, the buried layer comprisiiig 
steel cords is an^ged at a particular location in ihe carcass layer comprising the steel cords that 
extend in the tread region. If the width of the bwied layer is less than 40% of the width of the 
tread, the rigidity of the careass layer is insujeSciemt, and the durability of the carcass layer cannot 
be guaranteed. As a result, the occurrence of compression rupture cannot be reduced as expected. 
On tiie other hand, if Ihe width is larger than the maximum width of the belt layer, the ends of the 
steel cords in the buried layer become easily displaced, which will cause separation. Also, the 
manu&cturing cost is increased because more material is used 

[0010] 

If the diameter of the steel cords of the buried layer is greater than that of the steel cords 
used for the carcas^^ layer, cracks tend to occur at the ends of the cords of the buried layer. 
Therefore, such steel cords are not used in (he present invention. In other words, if the diameter 
of the steel cords of the buried layer is less than that of the steel cords of the carcass layer, less 
ftirce will be concentrated at the ends of the cords to prevent the occurrence of cracks. If 
necessary, two buried layers can be formed so that the required rigidity of the carcass layer can 
be obtained. 



[0011] 

Application examples 

The preset invention will be explained in greats detail below with reference to 
application examples. Figure 1 is a half cross-sectional view illustrating a radial tire for heavy 
loads. In the figure, (1) represents the tire; (2) represents tfie carcass layer comprising steel cords; 
(3) represents the bead core; (4) represents the belt; (5) represents the tread; TW r^resents the 
tread width; and BW rq)rcsent5 the maximum width of the belt. Carcass layer (2) comprising 
steel cords is wound around a pair of bead cores (3). For tread (S)» in this example, three layers 
of belts (4) comprismg steel cords are laminated to cross each other. 

[0012] 

When carcass layer (2) comprising steel cords is viewed from the direction of arrow A, as 
shown in Figure 2, the conventional carcass layer (2) is such that steel cords (11) are arranged at 
certain intervals. 
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[OOU] 

For the carcass layer (2) disclosed in AppKcation Example 1 of Ihe present invention, 
however, as shown in Figure 3, while steel cords (11) arc arranged in the same way as those in 
the conventional tire, steel coids (12) thinner than cords (1 1) are buried between the steel cords 

(1 1) . Figure 4 is a plan view illustrating the relationship between the two types of steel coids. For 
die tire disclosed in Application Exaroplc 1, the steel cords are aitanged at the same pitch in the 
carcass layer so that the tire can be molded easily. 

[0014] 

Figure 5 shows the carcass layer (2) disclosed in Application Example 2, In this case, 
steel cords (11) ^ arranged in the same way as in a ccEnventional tire, while thinner steel cords 

(12) are buried in two stages in tiie vortical direction between the aforem^tioned steel cords. 
Although the structure disclosed in Application Example 2 is more difiEcult to mold, its effect is 
remarkable. 

[0015] 

Figure 6 shows the carcass layer (2) disclosed in Application Example 3. In this case^ 
steel cords (1 1) are arranged in the same way as in a conventional tire, while steel cords (12) 
widi smaller diameter are buried with a slight vertical deviation betwera steel cords (1 1). The 
structure disclosed in Application Example 3 is characterized by die fact that it is easy to mold 
and is also very effective. 

[0016] 

Figure 7 shows the carcass layer (2) disclosed in Apphcation Example 4. In this case, 
steel cords (1 1) have die same diameter as steel cords (12) buried between th^. In each 
^plication example, the length of steel cords (1 2) is 65% of the maximum width of the tread 
around the equatorial plane of the tire. The structure disclosed in Apphcation Example 4 can 
in4)rove the performance of the tire and reduce the manufacturing costs. 

[0017] 

As described above, according to the present invention, supplementary steel cords are 
buried within more than 40% of the belt width of the tread part around the equatorial plane of the 
tire between the steel cords that constitute the carcass layer. In this way» the carcass layer in the 
tread part can be reinforced without affecting the sidewall part or the bead part of the tire at all. 
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[0018] 

Also, Ifaere is no particular Hnutation on the axraogement method of (he caicass layi^ and 
the buried layer. Various mediods can be used. For example, steel cords (11) and sted cords (12) 
can be arranged alternately by adjustiiig flie thickness of the coated rubber of the steel cords to 
make ihsm overiap. 

[0019] 

This win be further e3q)lained based on a specific tire. The manufactured radial tire for 
heavy loads is ORR40,5/75R39. The steel cords of the carcass layer m the conventional tiie To 
have a cord diameter of 2.8 mm and a strength of 800 kgfi'steel cord. The density of the steel 
cords is 3 steel cords/25 mm. Therefore, the strength of the carcass layer at flie center of the tire 
is2400kgl/25mm, 

[0020] 

Also, there are five belt layeis in the tread part With tibe layers designated as die finst 
layer, second layer» . . . starting sequentially from the layer that is the closest to the carcass layer, 
the strengths of the steel cords in each layer are 300 kgS^steel cord, 500 kg£^steel cord, 500 
kg£^steel cord, 250 kgfi^steel cord, and 250 kgf steel cord, r^ectively. The numbers of steel 
cords arranged every 25 mm in each layer are 7, 7, 7, 9, and 9, respectively. The first layer of the 
belt is inclined by 23^ to the upper right. The second layer crosses the fii^t layer and is inclined 
by 23'' to the upper left. The other layers are axranged alternately and cross each other at the 
same angle. 

[0021] 

In the application examples of the present invention, the belt has the same structure as 
that of the aforementioned conventional tire. On the other hand, the steel cords used for forming 
the carcass layer are also identical to those used in the conventional tire except for Application 
Example 4. 

[0022] 

In Application Exanq[)le 1 (Figures 3-4) of the present invention, the steel cords (12) 
buried between steel cords (1 1) that constitute the carcass layer have a coid diameter of 1 A mm, 
a strength of 300 kgf/steel cord, and a density of 3 steel cords/25 mm. Thtt^efore, the strength of 
the carcass layer at the center of the tire becomes 3300 kgff25 ram, which is 1 .38 times diat of 
the conventional tire. 
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[0023] 

In Application Example 2 (Figure 5), all of the sted corda (12) used are the same as those 
used in the previous example* The strength of the carcass layer at the center of the tire becomes 
4200 kgf/25 mm, which is 1,75 times that of the conventional tixe. 

[0024] 

In y^plication Example 3 (Figure 6X steel cords (12) have a cord diameter of 2.0 mm, a 
strength of 480 kgf/flted cord, and a density of 3 steel cotd&flS mm. The strength of the caicass 
layer at the center of the tire becomes 3840 kgff mm [sic; 25 mm], which is 1,60 times that of the 
conventional tire. 

[0025] 

In Application Example 4 (Figure 7), the steel cords (1 1) used for forming fte carcass 
layer are the same as steel cords (12) buried between them. The cord diameter is 2.0 mm, the 
strength is 480 kgfi'steel cord, and die density is 2.5 sted cords/25 mm. Consequently, the 
strength of the carcass layer at the center of the tire is 2400 kgC^25 mm, whidi is the same as that 
of (be conventional tire. 

[0026] 
(Drum test) 

A drum test was performed for each of die aforementioned tires. The test conditions were 
as follows: a drum with a diameter of 5 m was used; velocity: 10 km/h, slip angle: 5°, internal 
tire pressure: 3.7 kgf/cm^. In the ijBt Step, a load of 29 tons was applied, followed by 24 h of 
travel. In the second, third, steps, the load was increased by 10% with each travel interval of 
12 h. Travel continued until the tire broke down. 

[0027] 

For the test results, if the durability index (iravel time) of the conventional (current) tire is 
100, the durability index of the tire obtained in Application Example 1 is 213, the durability 
index of the tire obtained in Application Example 2 is 291, the durability index of the tire 
obtained in Application Example 3 is 282, and the durability index of the tire obtained in 
Application Example 4 is 210. All of the tires obtained in the application examples show much 
better durability than the current tire. Concerning the type of trouble occurring during the break- 
down, die conventional tiro had broken steel cords in the carcass layers near the equatorial plane 
of the tire. On the other hand, all f the tires obtained in the application examples had separation 
between the second and third belt layers. 
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[0028] 

Effects of the invention 

As described above, the present invention solves the problem coDCcmed with rupture of 
the steel cords in the carcass layer and significantly improves the durability of the tire. The 
present invention is partiimlarly effective with radial tires for heavy loads. 

Brief description of the figures 

FigUEV 1 is a half cross-sectional view illustrating a radial tire for heavy loads. 

Figure 2 is a cross-sectional view observed from direction A in Figure 1 and illustrating 
the carcass layer of a conventional tire. 

Figure 3 is a cross-sectional view observed from direction A in Figure 1 and illustrating 
the carcass layer disclosed in Application Example 1 of Ihe present invention. 

Figure 4 is a plan view illustrating the relationship between the two types of cords in the 
carcass layers shown in Figure 3. 

Figure 5 is a cross-sectional view observed fiom direction A in Figure 1 and illustrating 
the carcass layer disclosed in Application Example 2 of the present invention. 

Figure 6 is a cross-sectional view observed fiom direction A in Figure 1 and illustrating 
the carcass layer disclosed in Application Example 3 of the present invention. 

Figure 7 is a cross-sectional view observed from direction A m Figure 1 and illustrating 
the carcass layer disclosed in Application Example 4 of the present invention. 

Explanation of symbols 

1 Tire 

2 Carcass layer 

3 Bead core 

4 Belt 

5 Tread 

1 1 Steel cords used for forming the carcass layer 

1 2 Steel cords used for forming the buried layer 
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Figure 2 
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Figured 



I i I A' 



Figure? 
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